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R INTRODUCTION

In determining rhe performance, by simulation methods, of a
missile system designed to intercept moving targets, it is freguently
necessary to generate the trajectory of the targets during the course
of complicated maneuvers. Various possibillities exist for expressing
the target trajectories without resorting to a full numerical solution
of the target dynamic equations which would require complete knowledge
of all the ferces acting on the target.

Target trajectories can be expressed deterministically in terms of
position, velocity, or acceleration components as functions of time
with respect to a particular frame of reference. It is only necessary
to use one cof these formulations since the others are obtainable either
by integration or differentiation. Whichever form is used, an inter-
polation process is usually required since typical maneuvers are not
expressible in terms of simple algebraic functions but must, in general,
be represented as arbitrary tabulated furctions of time. It is
important that the interpolation process maintain mathematical continuity
of at least target position and velocity since discontinuities in either
of these parameters could have deleterious effects in a2 simulation. A
typical example is the effect on simulations containing recursive target
tracking filters in a digital tracking signal processor. A further
requirement of the trajectory generation procedure is that it be com-
putatiorally efficient with respect to computer time usage. This is an
aspect of particular importance in simulations based on Monte Carlo
sampling since this type tends to consume large amounts of computer
time and a relatively small time reduction in each sample run can
produce significant overall savings.

This report describes a method of trajectory generation which is
designed to satisfy the requirements outlined in the foregoing. It is
baged on firting a series of cubic splines in a pilecewise manner to a
set of coordinates describing the position of the target body at
discrete points in time. The use of cubic splines implies that a third
order polynomisl is fitted between the discrete time points, and that
continuity of first and second derivatives is maintained at the break-
pointz. In this way the technique ensures continuity of position,
velocity, and acceleration. Calculation of the polynomial interpolation
coefficients is performed offline to the simulation and then input and
stored by the simulation program. At any point in the course of the
simulation the target position, velociry, and acceleration cre available
by the evaluation of third, second, and {{rst order polynomials
respectively, one set for each trajectory component.

This report includes a description of a computer program which
performs the offline calculation of interpolation coefficients with the
added facility that the input target trajectory may be specified in
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terms of position, acceleration, or flight path angles at discrete

time points. Target position data input is a particularly useful option
when tast range measured positiors in an actual trajectory are required
to be input; accelerations are required to be specified in a target-
fixed frame based on the target velocity vector direction,

In addition to the target trajectory in terms of the kinematic
parameters, it is often necessary to know the orientation of tha
target. This is particularly the case when detailed radar models are
used which depend on target aspect angles relative to the radar
antenna. The computer program contains an option to calculate the
interpolation coefticients for three Euler angles in the same manner
as for the trajectory position. The Euler angle representation
includes the effect of target aerodynamic angle of attack, provided
the requisite input data concerning target 1lift curve and wing loading
are supplied.

i TRAJECTORY REPRESENTATION

OQutput trajectories, expressed in terms of spline interpola-
tion coefficients as functions of time, are defined relative to the
Cartesian axes of an inertial frame which has its origin at a point
on the earth's surface. 1Input data to the trajectory calculation are
expressed optionally in one of three forms, two of which employ a
reference frame defined by the body velocity vector. The various
reference frames are described in the following peragraphs.

A. Input Reference Frame

This is an orthcgonal, vight-handed Cartesian frame
with the origin at an arbitrary reference point on the earth's surface.
The X and Y axes lie in the plane of the lcocal horizontal, snd the 2
axis 1is along the downward vertical. Input data to the trajectory
calculation which are referenced to an inertial fraeme use this frame.
Thoze input data included in this classification are the position
coordinates in cption 1 and the initial position and velocity compcnents
of opticas 2 and 3 (see Section IV for descriptions of these options).

B. Output Inertial Frame

The output inertial frame is alsc an orthogonal, right-
handed Carteaian system and 1s related to the input inertial frame,
in general, by a translation and a rotation. The translation represents
the displacement vector I, of the output frame origin relative to the

input frame, and the rotation is expressed in terms of three Euler
angles wo, 60, ¢0 through which the input frame rotates in order to

e A 5 8.
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align itself with the output frame. The relationship of the two frames
is shown in Figure 1, and the angular reotations in going from the {nput
frame to the output frame are shown in Figure 2. In mathematical terms
the transformation equation is

Fout 7 [T)OI (Ein B 50} (L)

where [TIOI is the matrix of direction cosines of the output frame

relative to the iaput frame, and L E are vectors expressed

—out
respectively relative to the input and output frames.
[T]OI into 1its components gives

Expansion of

'I‘11 = Ccos wo cog 0

T21 = ¢38 wo

T31 = Ccosg WO sin eo cos éo + sin wo
le = gin wo cos 6

T22 = Co8 wo ccs ¢O + sgin wo gin 00 sin ¢0

- £
T32 sin wo sin 6

'r13 = -gin BO

T23 = L08 60 sin ¢O

133 = co8 eo cos ¢0

0

sin 6, sin ¢0 - sin wo cos

0 %

8in ¢O

o cos ¢0 - cos wo sin ¢0

c. Vehicle Velocity Frame
The vehicle velocity frame 18 a noninertial Cartesian
axis system in which the positive Xv axis is directed along the body
velocity vector. The Yv axis is directed horizontally to the right
when looking from the origin along Xv,’and the Zv axis is normal to the
xv - Yv plane and thus lies in a vertical plane through the velocity

vector.

In relation to the input inertial frame, the velocity frame is
obtained by a rotation wT about the input inertial frame Z axis, and
a rotation eT about the new Y axis position. Origin of the velocity

frame lies at the CG of the body. Figure 3 illustrates the velocity
frame and its relationship to the input inertial frame.

5
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Figure 1. Input and output inertial frame.
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Figure 2. Input-output frame angular rotations.
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Figure 3. Orilentation of velocity frame relative to input frame.

Trajectory specification options 2 and 3 express the body acceler-
ation in this frame. Acceleration components determine the rotational
K rate components wT and GT which are integrated to give the orientation

of the body velocity frame to the Input inertial frame. Let the
acceleration components in the velocity frame be A v’ A v’ sz, and
let the vehicle velocity be V, then y

;g VoA (2)
- R A 2N
Ly Yt * Vcos GT (3)
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from which velocity components in the input inertial frame are

Vyg = V cos 8. cos y, (5)
Vyr - V cos 6, sin Vo (6)
Vyp = <Vsin 6, . (7

These velocity components are integrated to yleld the position of the
body as a function of time from the given initial position and velocity.
Initial position and velocity components are expressed relative to the
input inertial frame. If the initial velocity components relative

to the input frame are VXIC’ vYIC’ vZIC' then
\'
WTIC - tan'l (VYIC> (8)
X1cC
and
-V
Orrc = 8in 1 21¢ . (9)
2 2 2

Vxie ¥ Yyic * Vzic

ill. CUBIC SPLINE INTERPOLATION

This section contains a brief outline of the underlyiug theory
of curve fitting by means of cubic splines. A more detailed analysis is

given by Schultz.1

lgchultz, Martin H., Spline Analysis, Prentice-Hall, Inc.,
Englewood Cliffs, New Jersey, 1973.
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The fitting of swooth curves to function values given at discrete
intervals of an independent variable has received considerable atten-
tion in the past. A well-known procedure is that due to Lagrange iIn

which an Nth order polynomial is fitted to N + 1 function values.
However, it 1s also well-known that for values of N of moderate size
and larger, the procedure can diverge and produce highly unsatisfactory

tesults.2

The modern approach to curve fitting has received much impetus from
finite element techniques and has led to the use of piecewise polvnomial
fitting with constraints on the derivatives at the end points of each
interval. A requirement for continuity of first derivatives at the
interval end points yields a set of interpolating polynomials which
are "local" tn the sense that each polynomial depends only on the
independent variable and function values ar the end points of each
interval., As such, it is an extension of the method of piecewise lineax
interpolation which is in common use. This technique, using cubic
polynomials, is described as follows. It shculd be noted that although
cubic polynomials are often used, the procedure can readily be general-
ized to higher order polynomials.

Consider a set of N + 2 real numbers Xq < X < x2 veass < XN +1

and an associated set of function values {fi’ f;} i=0,1, 2, ..., N+1

where the prime superscript implies differentiation with respect to x.
let p(x) be a cubic polynomial such that p(xi) - fi' p(xi + 1) - fi +1°

- ' ™ ] -
dp(xi)/dx fi and dp(xi + 1)/dx f1 + 1 Also let the interpolated

value of f be F; then f may be expressed as

N+ 1
F -; 0 (£,h, (x) + £1h1 () (103

where hi(x) and hi(x) are "basis" functions of x with the following

properties:

hyGxy) = 8y, 0<1,j <N+1 (11)

zﬂnmming, Richard W., Introduction to Applied Numerical Analysis,
McGraw-Hill Book Company, New York, 1971, pp. 146-163.

bl il (e o




) =0 (12)

h!(x
-

3

d ' i
— hl(xj) - Cij . (13)

dx

cSij is the Kronecker delta function. For i =1, 2, 3, ..., N

((x - x )2 20 - x, )
i-1 . 1 -1
a -n 2 ) o ox I p X 2XIx
"% -
2 .
J (x - x,) 2(x - x,)
h (x) = -3 +1 X, <x <x
i _ 2 (x - %, ) i i+1
(xi+l xi) i+1 i )

\. 0 XXy g X2X

2
C(x - x,){x - x )
! i 151 X < x<x

Gy =% 2 1)

2
< (x - x)(x; 4~ %)
3 X, X< x

(=g 43 = %)

h! (x) = f+q (9

0

(x - x0)2
2

(x1 - xo)

hO(x) -
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(x - "0) (x1 - x)2

x—
(xl_xo)Z (1) 1
h(’)(x)- (17)
0 i TS S |
and for 1 = N + 1
2
(x-xN) ) Z(x-xN)
(bupl-xN)2 ™W+1 " X NI XZIXNe
by 4 1) =
0 O:_xf_xN
(18)
x - 5% =%y, )
) 2 IXI Xy
g1~ %
g 10
0 0_<x_<_xN .
(19)

Expanding Equation (10) for the case of X, Lx<x ., 8ives

2
(f1 41— £ (x-x))
2

2(x ~ xi)

F-fi+

3-
X (g 41 = %)

Gy 417 %)

o) o 2, g0
+(x ‘x)z fi(xi+1-x) +f1+1(x-x1)(x-xi+l) . (20)
i+1 i

If a plecewise independent variable is written Ax, where Ax = x - Xy

then a plecewise cubic polynomial may be defined for X 2x< X 41

11
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A
p(Ax)i - a, + altx + azsz + a3Ax“ , (2

and the coefficients are obtained from Equation (20) as

a, - fi (22)
- ' '
e, - F) 2y E L
a2 " ‘ 2 x - X (z4)
(xi 1" xi) i+1 i
~-2(f -£) £! + £!
a = 1+1 13+ 17141 . (25)

2
(X 41 = %) (xy 43 = %)

In many cases the derivatives fi of the function f are not avail-~

able and 1t becomes necessary to apprcximate them from values of fi'

A method of performing this approximation i1s to use local cubic
lLagrange interpolation polynomials to fit a curve through groups of
four points and obtain fi from these polynomials. The procedure 1is

described as follows. Let the Lagraunge polynomials be rk(x) defined by

3
rk(x) = E nk’i(x) fk +4 (for ¥ > 2) (26)
i=0
where
3
n
j = 0 (x bl xk + j)
EE
It ( -
3w 0 Frag Fpay)
J# i
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which interpolates f for { = 0, 1, 2, 3. Derivatives of { may

k+ 1
then be approximated as follows:

r-‘%‘- (ri(xi)) 1=0

f! =

b U Y F'S
i dx 2

T, 3(xi)) {aN+1 . (28)

LE?

The term ‘‘spline interpolation" implies the fitting of polynomials
in a piecewise manner as described but with the added constraint that
second and higher derivatives of the function are given continuity at
the interval end points, thus simulating the effect of forcing a thin,
flexible spline to pass through the function points. The physical
process of clamping aspline to a certain number of function values is
one that is commonly used in naval architecture and ship design. For
the purposes of this report, the spline functions considered will be
restricted to cubic polynomials and only second derivatives will be

equated at interval end points. The general case of kth order poly~
nomials used 13 often referred to as B-spline fitting.

To illustrate the cubic spline interpolation process, consider
again the set of function values fi corresponding to a set of

independent variable breakpoints L i=0,1, 2, ..., N+ 1, Let

p(x) be the cubic interpolating polynomial for the interval

Xg3 % <X and let q(x) be the cubic interpolating polynomial for

the interval x; < x < x
1<1i<N

1+1 with the following properties for

p(x,) = q(x,) =~ £, (29)

TITEN, ARTTrE—rYy
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d d .
Ix p(xi) il % q(xi) -f (30)

Using Equation (20), the polynomials p(x) and q(x) may be exnanded about

the point xy to give

p(x) = p(x)) + Dp (x,) (x - x) + {Az 3 T [p(xg _ 1) - p(x))]
i -
(x - xi)2
+ OOy _ ) 2RO T T
i

2
+ {Axi _*I (pCxy _ ) - plx,)] + Dplxy _ 1)

3
(x - '1)
+ Dp(xi) — (31)
Axi -1
q(x) = a(xy) + Dq(x,) (x - xi) + {z%~ falxy 4 - q(xi)]
‘ i
(x - xi)2
+ Dqxy , o)+ 2DAE)p T
i
2
+ {K;I laCx, 4 - q(xi)] + Dqlx, 1)
(x - xi)3
+ 2Dq(x,) ¢ ——3 . (32)
Axi

where

A

B S
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The requirement for continuity of second derivatives at the point L9} is

sz(xi) - qu(xi) (33)
and by analogy with the Taylor Series expansion about Xy then
2 2 3
D'p(x,) = p(x, _ ;) - p(x)]
1 Axi -1 {Ax1 -1 i-1 i
+Dp(x, _4) + ZDp(xi)} (34)
2 -2 )3 -
D q(x,) B, (B, lalx; ) - a(x))]
+ Dq(xi _ 1) + 2Dq(x1)} (35)
which leads to the requirement
[ ]
Axifi -1 + Zf1 (Axi + Axi - 1) + Axi -1 fi +1
Ax
i-1
'3{ axy, Fre1 ™ 8D
Axi
+Z;‘—1_.—I (fi-fi_l) l<i<N. (36)

Equation (36) represents a set of N linear equatioms in fi which may
be written in vector form as

[B,1£ ~¢ 1<4,) <N (37)

where the matrix lnij] is given by

S
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r2(Axi+A1_l) l<i=3<N
J Axi l<jmi-1<N-1
Bij = (38)
bx, _, 2<j=41+1¢<N
0 otherwise
\.
and the vector ¢ is given by
[ Tax. af,  ox, of
3 x°Ax1+ : 0 - ox £ { =1
i 1 X0
ax Af,  Bx, Af ]
] 1 £ -1
3 AxN-lAfN+AinAfN—1_AxN £ Cien
8xy axy _ -1 "'N+1
\ o wnd
where
P PR
Afi -1 - fi - fi -1 .

As can be observed from definition Equation (38), the matrix Bij is

tridiagonal and it can be shown3 that the system of Equations (37)

has a unique solution; in fact, Equations (37) can be readily solved
by Gaussian elimination.

Interpolated function values are then obtained by substituting
in Equation (10), yielding the interpolant F as

N+ 1 : N
- ] [ ] [} ]
F z £,h, (x) + £5hACx) + z Eih () + £4, Bt () (40)
1=0 i=1

3Schulcz, loc. cit,
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where fi (4 =1, 2, ..., N) have been obtained from the solution of

Equations (37). Note that F is no longer a "local" incterpolating
function since all fi are used in obtaining fi. Piecewise polynomial

interpolation coefficients are given by Equations (22) through (25).

It remains only te choose a method of calculating the extramity

derivatives f6 and f& + 1 These derivatives may be obtained from

local cubic Lagrange polynomials at k = 0 and k = N ~ 2 as given in
Eauationas (17) and (18), i.e.,

3
TG = Y g G0 ) (41)
1=0
3
Ty - 20 = 2 o2, vl 24y (42)
1=0
and the derivatives fé and fﬁ 4 1 are approximated as
' -
£q = Dry (x;) (43)
X - .
fN+1" -2 vy ) el

An example of cubic spline curve fitting is contained in Figure 4,
in which function values are indicated at the appropriate breakpoints
in x, and the full line is that obtained iry the spline interpolation

process,

IV. TRAJECTORY GENERATION

The input data to the trajectory generation program may be
specified in one of three ways, chosen at the option of the user.
These options are described in the following paragraphs. All three
options require that the origin translation and frame rotation of the
output frame relative to the input frame be specified. For options
2 and 3, initiel body position and velocity relative to the input
frame must be included in the data.

17
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A. Option 1 - Position Input .

i ;

% For this case the input data consists of sets of values
‘ of body position coordinates relative to the input referernce frame and
an assoclated value of time., Data sets should cover the time span of
the trajectory at intervals demanded by the rates of change of
trajectory parameters.

B. Option 2 -~ Acceleration Input

Applied acceleration components in the body velocity
frame are specified as arbitrary functions of time over the required
time span of the trajectory. The acceleration functicns are required
to be specified in units of local gravitational acceleration, and
the loral gravity is related to sea level gravity (assuming a spherical

earth} by
Ro 2
8= 8 \R_ +8 (45)
o
2 2 2
H Az + Y]+ (R) - 2)° - R, (46)
where 8¢ is mean sea-level gravity acceleration, RO is the mean radius
of the earth, xI, YI’ ZI are body coordinates relative to the input ~§

reference frame, and H is the body altitude above the earth's surface. !
Derivation of Equation (46) is readily apparent from Figure 5. “

The body trajectory is obtained by integrating the kinematic
equations to give position coordinates, as indicated by Equations (2)
through (7). Acceleration functions are assumed to be continuous
between the specified data points; linear interpolation in the functions
is used to obtain intermediate acceleration values.

C. Option 3 - Flight Path Angle Input

For option 3 input data are specified by expressing
fiight path angles ¢T and GT as arbitrary functions of time, together

with the longitudinal acceleration in the velocity frame as a function
of time. The changes in flight path angles between consecutive pairs
of time breakpoints are converted to equivalent accelerations and the
body trajectcry 1is cbtained as in option 2, For this case, however,
the acceleration is assumed to be constant between adjacent pairs of
time breakpoints, and to change discontinuously at each breakpoinr.

19
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Figure 5. Vehicle altitude above earth's surface.

D. Trajectory Interpolation

Program output consists of sets of polynomial coefficients
at discrete time points contained within the input data. The polynomial
coefficients generate the vehicle position as a function of time in the
following manner. Let t be the current time and let the discrete time

breakpoints be tg < t1 < t2 ves € tN’ and let At = t - ti for some

0 < 1 < N where ti <t c«< ti +1° then
- g X. =a. + a At + a At2 +a At3 (47) i
g : 0 0 1 2 3 ¥

where Xo i3 the X coordinate nf vehicle position relative to the output /

reference frame and ags 8;» 8y, a, are the polynomial coefficients for

the X coordinate within the time interval t, to t

i Coordinates

i+1°
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Y and 7 are generated by similar sets of coefficients. Coefficients
are calculated for time intervals from oy to tN; thus there are N sets

of coefficients for the N + 1 breakpoints.

Velocity and acceleration components are generated by differentia-
tion, 1i.e.,

m g 4 2a At + 3a At2 (48)

Va0 " 1 2 3

A, ™ 2a2 + 6a_at . (49)

x0 3

From the above it can be seen that the interpolation process
consists simply of determining i for a given value of t and evaluating
Equations {(47), (48), and (49) to obtain the vehicle trajectory. In
simulation applications t is inevitably monotonically increasing,
which makes the determination of i1 a simple matrer and avoids extensive
searching of the table of time breakpoints.

V. VEHICLE EULERIAN ANGLES

The Euler angles of the vehicle with respect to the output
reference frame are expressed in the same form as the final output
trajectory, i.e., as sets of spline interpolation coefficients at
discrete intervals in time. An option in the calculation permits the

inclusion of aerodynamic angles of attack under the assumption that N
the vehicle is air-supported by fixed wings and that all maneuvering '
turns are coordinated. That is, the body sideslip angle is alwavs

zero,

Euler angles of the vehicle with respect tc the output reference

frame are defined by three rotations required to align the output frame

with a vehicle-fixed frame. The rotations are WB about the 2 ¢ axis,
ou

OB about the resultant position of the Yout axis, and ¢B about the :
vehicle X axis, '

The vehicle velocity frame relative to the output reference frame
has angles wTO and eTO defined similarly to wT and 6,, for the input

frame. However, wTO and eTO are calculated from velocity components !

relative to the output reference frame obtained by differentiating
the cubic spline representation of the trajectory, as indicated in
Seciion IV. If the vehicle velocity components relative to the output
frame are on. vyO' Vzo. then
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« tan-L [ -XO
WTO tan ( v ) (50)
x0
-V
- ~1 20
eTO sin . (51)

2 2 2
'/on + vyo + sz,

To perform a coordinated turn, a roll angle about the velocity
vector 18 required in order to maintain a balance of forces, as
indicated in Figure 6 which shows that the 1ift generated normal to the
velocity vector must provide the force to support the body and provide
the forces to produce the lateral accelerations. It is assumed that
acceleration along the velocity vector is produced by external forces
such as engine thrust and aerodynamic drag. The gravitational acceler-
ation acts along the Zin axis and, therefore, transforming to the

output frame the gravitational acceleration is

0
By - (TloI 0 (52)
-4
which expands to
- - 5
8,0 g sin 90 (53)
- f/
gyo g cos eo sin ¢O {54)
8,0 ™ 8 cos 6O cos ¢0 . (55)

The body acceleration, represented by the trajectory interpolation
coefficients, is AO relative to the output frame. For the force

balance of Figure 6, this must be transformed to the body velocity
frame through the angles wTO and eTO' The lateral acceleration terms

in the velocity frame are thus

(56)

. A = -A sin wTO + AyO cos WTO

yv0 x0

22
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Figure 6, Vehicle lateral force balance.

= A gin 6 + A

A,vo = Agp €08 ¥pg 8in B + A,y 8in Y, sin 6

AzO cos O

0o * T0

(57)

and the gravitational acceleration transformed to the body frame is,
in the lateral directions

g = “8,0 sin WTO + gyo cos wTO (58)

yvO

8,00 = ng cos wTO sin 6, . + 8y0 sin WTO gin eTO + 8,0 €°8 8

TO TO

(59)

F A4




where A ., A , A _ are components of A, in the output frame. The

x0’ "y0' "=20 -0
vehicle lift force L must prcvide a component along Z,, which has a
resultant acceleration of szO and a horizontal component which has a
resultant acceleration of AyvO with L acting normal to the vehicle
wingspan and velocity vector. Thus, the vehicle bank angle is given
by

-1 (Ao ~ 8
470 = tan 1 (J—-—ﬂ—"" — °> (60)
zv0 zv0

and the lift force L is given by

W 2 2
L= g //QAyVO - ayvo) + (gzvo - szO) ! (61)

where W is the vehicle weight. ‘Note that in Equation (6C) 1f both
numerator and denominator are zero, °TO is undefined since this would

be the case of the body falling freely under gravity. A further point
to be cerefully considered concerns the definition of the vehicle
velocity frame. 1If 60 4 0 or %0 ¥ 0, then the telocity frames obtained

by rotating wT’ GT from the input reference frame and wTO' eTO from

the output reference frame will differ by an apparent roll angle, as
can be deduced from Equation (58) in which the Yv axis has a gravita-

tional component acting along it, For this reason the acceleration
components AyvO and szO are, in general, not equal respectively to

A and A of Section II.
yv FAY

If 1t is assumed that the 1lift curve for the vehicle can be
approximated by the form given in Figure 7 and is an cdd function
about o = 0, the angle of attack can be approximated by first
calculating the vehicle 1lift coefficient as

2 2
, ¥ (AHO 3 gx!o) . (3zvo ) Aﬂo)
c, =2 & - & (62)

1y
7 °
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Figure 7. Idealized 1lift curve slope.

where W/S is the vehicle wing loading, p 1s the ambient air density,
and V is the vehicle total speed. The angle of attack is then

C
L
(ch) L]
da ,
a = 1 dCL (63)
CL- 9 ("&'&"
a, + ; 1 a > a
1 (cﬂl“ -1
L)
da /'2

p is a function of vehicle altitude H, where H is given by Equation (46)

in which XI’ YI’ ZI are referenced to the input frame. Thus, for

position coordinates referenced to the output frame, H must be deter-
mined by a tsansformation of the trajectory coordinctes to the input
reference frame. Lift curve parameters Gqs (dCL/da)l. and (dCL/da)2
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are illustrated in Figure 7. Note that a as defined by Equation (6€3)
is always positive., A set of rotations from the output reference
frame to the vehicle fixed frame is wTO' STO’ ¢T0' %o vhere

@ it (gzvo - szO) 20
QA ™ (64)

10
- if (gzvo - szO) <0

These rotations may be expressed as a set 5f matrix products to form
a transformation matrix of direction cosines which rotates the output
reference frame to the vshicle fixed frame as follows:

e

(Tlyg = le,Mle, MMt 00E ) (65)
where
cos o 0 -gin aTOl
(e, = 0 1 v (66)
Lsin %pg 0 cos Ame R
(1 0 o ]
[t¢] - 0 cos ¢T0 sin ¢T0 (67)
| 0 -sin ¢T0 cos ¢TOJ
cos eTO 0 ~gin GTO
[te] = 0 1 0 (68) :
! sin eTO 0 «cocs eTO-
cos WTO sin Voo U 3 .
[tw] = -gin wTO cos wTO 0 (69) i S
0 0 1 {
e g
3
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The transformation matrix [T]vo is equivalent to a matrix of

B! and QB' The

direction cosine matrix contains elements of the same form as that
glven for the expansion of [T]OI (Paragraph II.B) with wB’ BB, ¢B

substituted for wo, 60, ¢c. By inspection of the terms in the

direction cosines formed from the Euler aungles wB’ 8

expansion of [T]OI’ the Euler angles are given by

t
vy = tan"t (Elz- (70)
11/
6, = sinﬂl (-t..) (71)
B 13
t
og = tan”] (;?-1) (72)
33

where 120 Eyg0 Eogo t33 are elements of the matrix (T]VO. Evaluating

these terms from Equations (66) through (69), the vehicle Fuler anglzs
are

-1 c°86T081“¢T0c°8‘TO_SineTocosWTOC°8¢T081naTO

Y, = tan =
B coaeTocoszOcosaTO sinwrosin¢TOainaTo
(73)
-1 .
EB = gin (sin BTO Co8 ayg + cos eTO cos ¢TO sin “TO) (74)
4>B - tan-l cos @,. cos ¢ co: GTS :i: ZTO sin (75)
TO 10 €°% %10 T0 %10

It should be noted that if the vehicle angle of attack is negligible,
then Euler angles are easily deducible from the trajectory interpolation
coefficients viz the first and second derivatives of the interpolating
polynomial and Equations (50), (51), and (60). In this case the
calculation of Euler angle interpolation coefficients is unnecessary.

A further consideration in the calculation of polynomial inter-
polation coefficients for the Euler angles concerns the range of
values taken by the Euler angles themselves, Equations (73) and (75)
normally yield principal values of che angles, f.e., in the range #I'.

e SRR, G A e A A

ey B2




i Thus, when the angles pass from a value close to I to one close to

{ ~1 the spline fitving process will assume that the angle has passed
' through zerc giving rise to incorrect results. To countaract this

effact, the range of velues taker by the angle must be extended by

converting the principal values to 0 to 2Il and permitting the angle
to go beyond this range by adding or subtracting 27 when the angle

crosses from the fourth to the first quadrant or from first to the

fourth quadrant.

This calculation is described as follows:

Yy + 2ul by 20
Vg * (76)
(2“4‘\#8)4'2:11'[ wB<0

vhere wBE is the extended Euler angle and n is determined by maintaining
a record of the fire:rffourth yuadrant crossings as WB varles with

time. To 1llustrate this, let the index of discrete time points at
which trajectory data are given be 1 which takes values of 1 =},

2, ..., k for k breakpoints, then

n=O0for { =1 7)
Ay, =¥ -y (78) :
By "BE, BE, .3 1m2,3 ...k
m*n+ 1 when Awn < -l (79
1
n=n-1 when Awn >n (80)
i

This process is applied o the calculation of wB gince this Euler

angle 1s woust likely to require extension beyond priacipal values. It
should be recognized that the Euler angle calculation containg
limitations on the range of BB to /2 and ¢B to *Ni, and thac ¢B is

calculated by assuwing that the vehicle makes coordinated turns.

Vi. COMPUTER PROGRAM

A couwputer program has been written to generate the sets of
spline interpolation coefficients which represent a vehicle trajectory
ard the correszponding Euler angles. The program-is iutended for use in
2n offline mode where the trajectory coefficients are punched on cards
or written to some other peripheral device for use in a missile~target
intercept simuvlation which requires a moving target.
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All three options described in Section IV are included in the
program. The user selects a desired option via the program's input ‘
data. The program is written in FORTRAN for a CDC 6600 series machine. %

A listing ie contained in Appendix A. i

A. Program Composition

g The program consists of the main program which performs
the input/output operations, calculates accelerations and angle of
attack, perforus coordinate freme transformation, and controls the
overall operat:lon and the following subroutines:

1) AVELIN - Calculates cubic spline interpolation
coefficients for three functions of one independent variabls.

2) RK4 - Performs Runge~Kutta fourth order integraticn

of velocity frame rotational rates, longitudinal acceleration, and

inertial frame velocitieas. ;
3) ATTAK — Interpolates in a trajectory using coeffi- i

}g ‘ cients produced by AVELIN. First and second derivatives are also
i calculated plus angles wTO and eTO for the case of trajectory X, Y, Z

cnordinates. :
P
4) ATMOS — Calculates atmospheric density as a function

of altitude.

5) GRVALT ~ Calculates local gravitational acceleration
and vehicle altitude above the earth's gsurface as a function of
position.

B. Input Data

Each trajectory generated requiras one set of input data
cards which contains the following elements, punched according to the

given formats.

ARl okl .. AR o

- : 1. Title Cards. These are punched free fiecld and are
° ' intended to contain a descriptive heading for the trajectory. The
number of title cards is unrestricted; the last card must contain ENDT
in columns 1 tc 4 and blanks in columns 5 to 10.

2. Trajectory, Option and Breakpoint Numbers. This

card contains three integers punched in 3I5 format. The first integer
is a trajectory identification number and must be an integer in the
range 1 to 5; the second number selects the input data option
(Paragraph VI.A.5) and must be an integer in the range 1 to 3. The
third integer is the number of points in time (breakpoints) at which
input data are provided; the range of this number is 3 to 100.

i
3
i
-«
L
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3. Euler Angle Indicator and Angle of Attack Data.
This card contains up to eight entries punched in floating point format
8F10.0. The first entry is an indicator to determine whether vehicle
fuler angle interpolation coefficients are required to be outputr — a
zero value indicates that Fuler angles are not required, in which case )
the next six parameters on this care are unused and may be get equal
to zerc; i.e., only £y is required. The remaining seven parameters ;

have the following meaning:

dCI
7§f' = Lift curve slope (rad)

lj; 1

P

a = Expressed in degrees

dcC

TTL = Lift curve slope (rad)
® 2

S g, L e e gy g T

% = Wing loading in appropriate units (Paragraph VI.D.)

p = Sea-level air density in appropriate units

SL

R A . T T 5

HNORM = Number of feet per unit of length in which the trajectory
is expressed

g = Sea~level gravitational acceleration in units consistent
with the trajectory data,

4, Output Reference Frame Transformation Data. This
card contains six quantities read in 6F10.0 format and represent the
; translation and rotation of the output reference frame. The data are
1 I, as components Xo, YO’ Z0 in the same units as the trajectory and

wo, eo, ¢O in degrees.
5. Trajectory Input Data. All data are read with a

format of 8F10.0. Card contents depend on the option number in Para~-
graph VI.A. 2 as follows:

g T e ¢

(a) Option 1 — Each card contains two sets of
data (except the last card which may contain only one set) containing
values of time and associated values of X, Y, Z trajectory coordinates
relative to the input reference frame. Time is required to be expressed
in units of seconds and trajectory coordinates in units which are
selectable by the user (Paragraph VI.D).
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‘ (b) Option 2 — The first card must contain the

: three position coordinates and three velocity components of the
vehicle relative to the input frame, at the first time breakpoint
contained in the subsequert data.

Subsequent cards contain two sets of data, as in option 1, but
each set consists of time in seconds and acceleration Iin units of g
along the vehicle velocity reference axes.

(¢) Option 3 — Data for this option is similar i
to option 2. The first card contains an identical set of parameters, ;
and subsequent cards contain sets of four items consisting of time, ‘
acceleration along the velocity frame X axis and angles wT and GT

of the velocity frame relative to the input frame. Angles are required
tc be expressed in degrees.

Note that in all three options, the number of sets of data con-
sisting of time and threa associated parameters is given by the third
integer of the first data card after the title. Example sets of input
data cards are given in Appendix B.

C. Output of Resultwu

Results are output by the program in two forms. Trajec~
9 : tory results, in which the piecewise interpolation coefficients and
N r associated times are included, are output to logical unit 7 (TAPE7 in
N ; CDC 6600 SCOPE) preceded by the title read from the input data. This
part of the output contains the following records, all in 80 column
card image format:

v 1) Title records identical to the input title
terminated by a record conta’ning ENDT in positions 1 to 4 and
blanks in pesitions 5 to 10.

2) A record containing the trajectory number in the ‘
fifth character position and the number of sets of interpolation :
coefficients in the ninth and tenth character positions. This latter
number is always one less than the number of time breakpoints con-
tained in the input data.

3) Interpolation coefficients and their associated
time breakpoint in the order ayy 8y, a,, ag, bo, bl' bz, b3, Cyr €15

% Cys Cgs t where a,, bi’ Cy» i =1, 2, 3 are reaspectively X, Y, Z
: g coordinate coefficients. Each record containing these data has the
i & trajectory number and the record sequence number contained in the first |

five positions of the record in the format I2, I3. The remainder of the
record contains interpolation data in the format 7E15.7 output as a
string starting with the first time breakpoint set.
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4) For the case whare Euler angle interpolation
coefficients are required, these results are output in identical format
to 3) in the foregoing. Sequence numbers are reset to commence with 1
for this set.

The gsecond form of the output consists of printed results which
includes the input data suitably annotated, the interpolation coeffi-
cients, and the vehicle trajactory at (.25-sec intervals over the
input time span. The printed trajectory is obtained by use of the
plecewise interpolation coefficients. In addition, if the Euler angle
option Las been selected, the Euler angle and angle of attack input
data (generated within the program), interpolation coefficients and
interpolated Euler angles at 0.25-sec intervals are printed. Addition-
ally, the resultant lateral accelerations (along velocity frame Y and
Z axes) in terms of g are printed with the interpolated trajectory
position and valocity datu,

Sets of example printed results are given in Appendix B.
D. Dimensions and Units

The program is designed to pexmit the user to select the
physical dimensions and units of the final output trajectory data. For
this purpose the input data must be consistent within the desired units
system. Units must be chosen for the following input data:

1) oOption 1 poaition data,

2) Options 2 and 3 gravitational acceleration and
initial position and velocity.

3) For the angle of attack option: Vehicle wing
loading, sea level air density, altitude noraalizing
parameter HNORM'

4)  Output frame origin shift relative o input frame.

Table 1 ccntains the units of each of the above for the British and
SI systems.

E. Error Messages

The following crror mesysage may occur followed by program
termination:

TRAJECTORY NUMBER OUT OF RANGE XXX OR TOO MANY SECMENTS XXX

where XXX are respectively the trajectory number and number of break-~
points read from the input data. This message appears when the tra-
jectory number is greater than 5 or less than 1, or when the number of
breakpoints exceeds 100.
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TABLE 1. INPUT DATA UNITS POR BRITISH AND SI SYSTEMS

Parameter

British

S1

Vehicle position

Gravitational acceleration

Velocity

Vehicle wing loading

Sea-level air density

altitude normalizer

Bor

ft
2
32.17 £t/ gec
ft/sec

1b/£e?

0.002378 slugs/ft>

1.0 ft/ft

n
9.807 n/sec?
m/sec
kg (weight)/m2
0.1244 kg (mass®/n>
3.280843 ft/m
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LIST OF SYMBOLS

Accejeration vector relative to the output refer-
ence frame

Components of along the output reference frame

A,
axes directlons

Components of vehicle acceleration along the vehicle
velocity frame axes directions (velocity frame from
the input frame)

Components of vehicle acceleration along the vehicle
velocity frame axes directions (velocity frame from
the output frame)

Coefficients of the piecewise cubic polynomials

Tridiagonal matrix of independent variable break-
point intervals for calculation of cubic spline
coefficients [Equation (37)]

Vector function of independent variable intervals
and dependent function values required for calcula-
tion of cubic spline coefficients [Equations (37)
and (39))

Vehicle 1ift coefficient
Operator representing d/dx

Interpolated function representing £ the true
function

Function values, to which the pilecawise gplines
are fitted, at the ith independent variable
breakpoint

Df1
local gravitational acceleration (magnitude)

Sea-level gravitational acceleration (megnitude)

Gravitational acceleration vector in the output
reference frame

Components of gravictational acceleration along
the output frame axes directions

RS AR U TSP T e




8yvo* Bzvo

H
Hyoru

h, (x), hi(x)

1. 3, k

L

{Tlor
[(Tlye

t

(ta]’ It¢l,
(ty], “w]

Components of gravictational acceleration along the
velocity frame axes directions (velocity frame from
the output frame)

Vehicle altitude above the earth's surface

Units parameter: number of feet per linear unit
of the trajectory data

Cubic polynomial piecewise interpolation basis
functions

Integer indices
Vehicle aerodynamic lift

The number of independent variable breakpoints over
the interpolated range is N + 2

Integer index

Piecewise cubic polynomial
Piecewise cubic polynomial
Redius of the earth

Pogsition vecror relative to the input reference
frame

Piecewise cubic polynomial

Translation of the output frame origin relative
to the input frame

Position vector relative to the output reference
frame

Vehicle wing area

Direction cosine matrix of the output reference
frame relative to the input reference frame

Matrix of direction cosines between the ocutput
reference frame and the vehicle velocity frame

Time
Component transformation matrices which form

(Tlyo
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v

v

Vxrer Yyvier Vzic

va' vyO’ sz

W

xin’ ¥

Xpp Yy 24
R
¥

xv' Yv’ zv

X', Y', 2

TO
af

Ax

Ax

xr* Yvre Var

in’ zin

‘out’ Yout’ Z

Discrete breakpoints in time at which trajectory
dats are given

Magnitude of vehicle velocity

Velocity components along the input reference
frame axes directions

Initial condition velocity components in the input
refarence frame

Velocity components along tha output reference
frame axes directions

Vehicle weight

Input raference frame axes

Coordinates relative to the input reference frame
Components of r, relative to the input frame
Output reference frame axes

Velocity frame axes

Intermediate axes between the input and output
reference frames

Independent variagble of the exact and interpolated
functions f and F

Digcrete values of x representing breakpcints for
the interpolation process

Aerodynamic angle of attack (magnitude)

Angla of attack at which idealized 1lift curve
alope changes

Asvodynamic angle of attack with appropriate sign
Differenca between successive paira of fi
Independent variable braskpoint intervals

Piecewise indeapendent variable, x ~ Xy




SN A RS Adack

Ay

At

Gij

”k,i(x)

ve* %' %3
Yor %o %o
bpo O

Yrer 1o *ro

8

Yrier %r1c

Increment in vehicle Euler angle Vg between the ith
and (i - 1)th breakpoints

Plecewise time variable for trajectory interpolation
Kronecker dalta function (0 when { % i, 1 when i = j)
Lagrange interpaolating polynomial hasis functions

Vehicle Euler anglas relative to the output
reference frama

Euler angles of the output reference frame relative
to the input veference frams

Euler angles tha valocity frame rzelative to the
input reference frame

Euler angles of the velocity frame relative to

the output reference frame (but with ¢pp defined by
the vehicle hank angle)

Initial values ofy T ande‘T

Definition of wB extended beyond principal values to

allow first/fourth quadrant crossings to be
continuous

Ambient atmospheric density

Sea-level atmospheric dengity

37




AL S AL B ig AR S PRI RIRTL AR A

Appendix A. COMPUTER PRCGRAM LISTING
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P<CGRAM TR JEC Th/Th 0PT 2y FTHN 4.,247435%5 04714778

FROGFAM TRAJECCINPUT ,OUTPUTY, PUNCH ¢ TAFES=INPUT,TARESG=QUTPUT  TAPET)
Cmtetade b de Pl tutabalulobalal oo tul ol tad ot bt otatotasulalalb b,
THIS FUOGRAM GENZRATES TRAJECTCRIES IN YHE FORM OF PIECEWISE
SPLIN: INTERPOLATION COCEFICIENYS AT GIVEN BREAKPOINTS IN TIME.

TRBJECTORIES ARE CUTPUT IN THE PORM UF SETS OF CUSIC SPLINE
INTERFTLATION COEFFICIENTS QEPRESENTING X¢ Yo Z COMPONENTS OF

& TRy CYORY TOGLTHEIR WITH THE ASSOCIAYcD TIME. THUS. THERE ARE
13 TFF NS FOR EACH TRAJECTOEY PCINT.

TAHGET JHPUT TRAJECTORIES MAY BE SPECIFIED IN TERMS OF X, Yy ANG Z
COMFEOLIMTS OR AS ACCELLRATION COMPONINTS = LONGITUDINAL, NORPAL
ENC FADTAL - AS FUNCTICNS CF TIME. FOR THC VARIOUS INPUT OPTICAS
SEF THI PROGRAM LDCUMCNTATION,

F1ZCEVNZSE SPLIME REPRESENTATION OF FULER ANGLES IS AVAILARLS AS AN
OPTION IN WMICH CASE BANGLES CF AYTACK MAY BE INCLUDEO. EULER
ANGLEL ARE CALCULATED ASSUMING COORCINSTED TuRNS.

THE GUTPYT FRAME MAY dE€ TRANSF CRMED BY TRANSLATION AND ROTAT ICNy
FELATIVE TQ THE INPUT DATAL REFERENCT FRAME.

CUTFYT OF THE INTERPOLATION GQEFFICILNTS X§ TO UNIT 7 IN CARD
IMACE FORMAT (J2413%,5215.8) WAHERE TH® Z INTEGERS ON EACH CARD

ARy THAJECTIRY NUMRER (1 YO %) AND A SEQUENCE NUMBEPR, CQEFFICIENTS
£PC IN THE CROER AC, Aly AlseseeT AT EACH POINT,

8. CeJLLLYy UDECEMBER 1975,

Bl el nbataPiltabelololtalolab il ababalaPoatlilalalolubabwlabalololbefubalanlala

OGO OU0OaOIOa0CaoGOOODGuH 0

GIr RS TOM TRAJ(L3.-99), XTRAS(1287) XYZ£83,100)
CIPENS LON LABEL(8)y TIME(L30),TM (3,30, XYZC(D)

TUOLVIVeLENCE (TRAJ X TKAY)

CIMENS IO X(10C), XLAM (1000 o XMUCLGD) 9 PLLCTNy Qa190)
1 e XMUL0T) A2€3,103),A3(3,310GC)

GTHFHS I0N vOL €100), VOHUL00!, VDRILOM

COMMCY /2KTGT/ VT, SIT, THET, RTI(3), vIo(3)
corHut STLTZ TTME, RT 13), VT (3) o ANGL (3) ACC(3)
GATL RID/57,2957795 /7, P1/3:14159265h/

CATA TWOPI/6.283185318/

ee® INTEFRCLATICON STATEMENT FUNCTICN
FIMNTUACC,TINT,IJ! = BUC(IH ¢TINT®(ACC (IJ+4)-ACCITI))

ss¥ ZEAD AND OUTPUT TRAJECIORY TITLE,

oo OO0

NPACE = 8

«  KRITE {64573) NPAGE
HPAGE = NPAGEel
LINS = 3
NPACS = )

i rEAC (149934) LABEL
IF (iTF(3) WNELCIGO TO 1303
WRITE (64931) LAEL
LIMSG = LINGSS+t
wRITE (7,930) LAJEL
16 (Lo ELLL) e NELLZHENOTY YO T2 1L

o R it AR L S 12
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Bt L LA A it A L i Ul g TR TIYY TR I T O 2wy SEFTI D AT e

IROCRAM TRAJELC TH/TS OPTay FIN Ga2¢764135%% el iurrs

OO QOO0

aoOQ0O0

OO0

OO0 0O0

o

LN J
450

280

LR J
‘e
LA X
00

LY X}

‘e
L X}
LE X ]
LA R ]
LA X J
LXK 3

LX X )
EX X ]

e

DO & Y+4,99
TRAS(L3,I) = =3,cE

REAC TSAJECTGRY WUMBER AND TRAJECTORY GENERATOR OPTION AND
NUKPER OF YRAJECTORY POINTS (UP T3 A MAXINUM OF 21)

READ (249130 ITRAJ» ZOPTHNSEG

WRITE (6,390) ITRAJ, I1QPT. NSES

LIMSS = LINES+3

IF tITRAJOLESS oANDs ITRAJGTeD o ANDNSEG.LE100)50 TO 2)
WRITE (64927) ITRAJ, IOPT, NSEG

STCy

FEAL ANGLE OF ATTAGK OATA

PEAD (“¢960) AIND,SLOPEL¢ALF AL SLOFZ2, HOSy RHOSLy HNORM, GI

IF (AINDeNEL 04 IMRITE (648501 SLOPEL2ALFAL,SLOPE2+WOSsRHOSL \HNORY
IF (AINDJNE~Q«ILINES = LINES *b

ALEBL = ALFAL/RYD

READ FAME TRANSFORMATION DATA FOR TRANSFORMING TO THE OUTPYY
TRAJECTORY FRAME. TRANSFCRFMATIUN PARAMETERS ARE TRANSLATION ANOD
ROTATIUN COMPONEWTS, THE LATYTER IN UcGREES, THE FORMER 1IN
CONSISTENTLY APPROGPRIATE UNITS.

RLED €54360) XYZ0e PSICe THETYI, PHIS
WP ITE (6,3wd) XVIC, PSI0, THETC, PHIg
WP ITE (6,395)

LINES = LINESe+?

GO TC(30,504+50 YIOPT

TRAJECTORY INPUY AS A SERIES OF X, Y, Z COQRDINATES

NCARCE = NSFG/2

IF INCAROS*2.NELNSFEGINCARDS = MUARDS+)

CO ¢ I=4,NCARDS

J = 2% (1-1)+4

FEAD (T4340) TIMZ LIy NYZUL4d)y XY2(2ed0y XVZC€39J) o

TIMECJ®1) o XY ZULyUei)y XYZ(25J¢2), XYZ(3,J41)

WRITE (6,881 TIME(J)y XYZU1,J): XYZ2(2,d)y XYIU3,J),
TIMECJoide XYZ (2yuel) s XYZ{29d¢10s XYZ13,0¢1)

LINS = LIN:Se2

CONTINUE

GO 1C 173

OPTICH 2+ LONGITUOINAL, NOKMAL AND RORIZONYAL ACCELCRATIONS (IN
G-S) ARE INPUT FOR EACH OF NSEG FLIGHT SEGMENTSe THE ACCELERATIONS
ARE CEFINED IN A TARGET FRAME WHOSE A1-4XIS IS THE TARGET vELOCITY
AND WHICH D2ES NOT ROLL WIY¥YHM THE TARGET. ACCELERATIONS ARE
INTFGFATCD IN AN INERTVIAL FRAME TO YIELD THE TRAJICTORY CF
POSITION DATA TO WHICH THE CUBIC SPLINE IS FITTEO,

FIFST ~EAQ TARGET INITIAL FOSITIOM anD VELOCITY IN THE IMERTIAL
FRAME

FEAD (.,363) 270, VYO

Fris
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PROGRAM TRASEC Tu/7e OPT =y FIM 4e2¢T0355

¢

G

GO0

OO0 aQ0

nee
oEw

L2 2 4
L2 2]
ey
L X J

10"

C **% NEXT THE SETS OF ACCELEWRTION COMPUNELTS ANR ASSUGIATED TIMES

RGARLS o NSEG/2
LF (NCAROSC2,HEWNSEGINCARDS > NCAROS+S
LO F( Tul,NCARD3
J s (It )eg
FEAD (3,367) TIMELI)y YDLUSY, VOR(JI, VONLJ),
TIML (Jedbe VOLTIe L)y WOET L), VONLIOLL

1
WRLTE (6.287) TIMEC)y VDL {J), VOR(J)y VONLI)

(IMELIeLdy VOLEJ4L) o VOR(I*LDVON(Je L)
LEPEY 8 LINESe?
CONYINVE
IF (JOPTLEQ.3IG0 TO 1yR

CALCWLATE VAKGET INITIAL CONUITIONS

TEPPL & VTOGLI®YTRLLIeVTS {2 PN T}
VIT = LORTUTEMPL4NTR{II®YTO(3))

PS LT = ATANUVTQI2Y 4¥TQ(L2 s

THEY 4 ATANZE~VYO(3) ¢SARY(TENPLY)
CONTINUE

X¥2(1s1) = PTBLLY

XYZE2,1) = RTI(2)

XKY2(34L) = RYQLZ

GIVILE EACH TIME SEGMENY INTO 10 STEPS FOR INTESRATION AND
CRLCULATE TARGEY POSITION OY RK~-% NUMERICAL INTEGRATION,

JUP = NSEG-)

J0 AL Isl,JtyP

CELY = TIME(i¢e1)=TINEIY?

OF = DELT/LT,

Y = TINELD)

CALL GAVALTIGORTIVHNORM,GoALT)
VOLLMNG & G*yDL(Y)

VONCRH = G*VQON(I)

VOFADL = G*vDRLI)

LO 70 J=i,40

IF (I0PT,EQ.31G0 TO 70

TINY 8 {T«TINE(L))/Z7OELY

VOLUNG = GP2EINT(VOL.TINT, I
VOFALL = GEFINT(VOR, TINV, 1)
VONGORM B GOPINTIVOR,TINY 4190
CALL RXL(VOLONG, VORADL,YOKCRM, T40T)
XYZ{1s 191} = RTALL)

XY Zicei®l) = 7042}

XY2(3sI¢1) = RTU(3}

GO 17 L7:

OPTION 3, TRAJECTORY OATA ARE SPECIFIEDC AS LONGITUDINAL ACCEL~-
FRATIUN, TARGET FRAME PSIT AND TARGET FRAME THET AS ARBITRARY
CUNCTIONS OF TIME. PSIT AND THET FUAN.TIONS ARE CONVERTED TO
EQUIVALENT ACCELSERATIONS WHICH ARE INTEGRATED AS FOR OPTION 2,

PSIT = VURILI/RTD

THET = VINCLI/RTO
¥IT = vT31L)

42

O Lar 7t

s AU SRR L SRS SRR

i e T

o

- il R g

o)

S TS

[T .

t

o




PRCCGRAM TRAJEC Pl OPY=y

W BRI T T, fac el b Ll Ta R ERINED ) Bt O R

L.

(>R e N e

o0

T Ty .
CA i sthan M itk AR AR AR S T SRS s S

FTIN 4.2¢74355

M5:G 3 NSEG-3

CALL C~VALTUGOWRTC o HRORMN,G4ALT )

00 4. Iw1,¢SEC

0T = TIME(Telv=TIMELD)

VTT = yTTaQT 2. 5% (VDL (1) *+vDLIT+41) )G
TH. TH 3 (S¥(VONCI?+VONLLI®*L))/RTO

QA = VITZ(0T*RTD*G)

7F = UAS tVONC(I¢3)~VON(I))

CA = QASCOSC(THETH)* (VOR(I+3)=VCRII}}
VORLIY = QA

VONIL) = =2F

CCAY INUE

VORINSZGY = O,

VOMINS -G = 0y

CALCULATE TARGET INITIAL CONCITIONS

VIT = vT3(1)

vIZt1d = VITPCOS(THEIT)®COS(PSIT)
VT 12} = YTTSSIN(~THET)

VY €31 = VTTSCOS(THET)I*SINIPSIT)

60 TG of
TRALSFCRM TARGET FOSITION GUORCINAT:L TO THE QUIPUT FRAME.
€SI = COSU{PSIL/RTD)
SS1 = SIN(PSIQ/ZRTD)
CTH = COS(THETG/RID)
ST =z SIN(THETO/RTD)
CFI = COS(PRIL/ARTO)
SFI = SIM(PRIO/ZRTD)
TMLL,1} = CST*CTH
TH(Z41) = STH*CSI*SFI-S5SI*CF]
THE34%) = STH*CSI®CFI+SSI®SFI
TM(L.2) = CYn*SSI
YM(242) = CSI®CFI¢STH®SSI®SFI
TM(342) = STH®SSI®CFI-CSI®SF]
TM(1,3) = «STH
THL243) = CTYH®SF]
TH(2,3) = CTIH*CF]
D0 19 I=14NSEG
UG 16. Jd=1,413
; PYOEIY = XTZUJW1I=XYZ0 LN
0O 19 J=4,3
XYZUJe i) = THOD PRTICLI¢TM(S220°RTG (2D $TMC 3, 3TERTE (3D

NOW CALCULATE CUDIC SPLINE COEFFICIZHTS
CALL AVELIN(TIME ¢XYZyNSEG 3oHyXLAM, XMU P Qo XMyA2483,TRAD
FRIMT INTERFOLATION COEFFICIEN'S

HSFG = NSEG-1

WRITE (6,483))

LINS = LINESe2

00 250 1=1,MSEG

KRITE (6,823) TRAJ(LIZI'y (TRAJWI 1) »U=L422)

43

Qu73u/7¢

FYRTNN

e

ot g A

e AR e BRI

SRS e i A e i

ettt




'-‘-‘:‘:’.tk‘»_ e

B G e

i I

T FYTTETWY N TR T TR M T T TR MY TR Y R VT ST NI Y7 U R Y

P10CGRAM TR: JEC T4/« CPT=y FIN 4,2¢74335

25

OO0

r3%

coc
*
*
.

Lt
2CE

21¢

LIMS = LINES+S

IF (LINES.LT.S5)G0 YO 2350
KRITYE (6,877) NPAGE

NPAGE = NPAGE+!L

LINMES = 3

CONTINUE

LINES = LINESe+?

CUTPUT THE INTLERPOLATIGN CCEFFICIENTS AND TIME TO UNIT 7 IN A
STPING STARVING AT TRAJ(L.1) PLUS TRAJECTORY AND SEQUENCE
MUIFAER S ON EACH CARD.

MS:G = (NSEG-i1*13

1 =13

Ista = ¢

J oz e~

IF (Je GT HSEG)J=MSEG

WEITE (7,953) ITRAJ, IS€Qy (XTRAS(K),Ksl,J)
I =2 gs}

ISEN = ISEQ+s

IF tJ. LT, MSIGIGO TO 210

GENERATE TAQGET POSIVION AND RATE TTRMS AT 1/4 SECOND INTERVALS

1Trve = Q.

or = .25

JUF = IFIX(TIME(NSEG)/DT)+¢
PRITEL (64963)

IF INFAS3.EQ4,JIWRITE (6,973
IF INFASSeNESCIWRITE (6,975
LINES = LINESel

Lo 227 L=1,JUP

CALL ATTAK(TRAD

CALL GAVALT(GOWRTHNORM,GyALT)
CSIT = COS(ANGL (1))

SSI = SINCANGL(L))

CYH = COSCANGL(2))

ST = SINCANGL(2))

YACC = =ACC(1)*SSI+ACC(2)°*CSI

ZACC = ACC{1)SCSI®STH+ACC(2) *SSI®STH+ACC(II*CTH
YACC = SQRT(YACC®YACC+ZACC®ZACC)/G

PSIT = ANGL{(1)*RTOD

THET = ANGL (2)*RTD

IF INFASS.EQeOIHRITE (649800 TTME(RT VT ,PSIT,THET,YACC
IF (NFASS.EQ.0)G0 TO 216
DO 2¢Z J=1,3

KT (I = RT(I)*PTD

vI(J} = ¥yT LI *RTD

WRITE (6,99%) TTME, RT, VT
CONTINUE

LIMS = LINES+y:

IF (LINES.LT.HQ)G0 TO 215
WRITE (6,873) NPAGE

NPAGE = NPAGE+l

LINS =3

CCHIINUE

TYHE = TTYMESNT

T WWIF AL TIERy

TYOR I A TR AL

e e D RORTRSM £ st

YUY 2

ATWT TR IRAT TR e

[

P

»
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A i g A o i o e e o

ne s
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P~OGRAM TRAJEC

22

2e¢

L1 X ]
L1 X ]
L X ]

OO0

’80

(2R e N ¢]

LY X J

OO0

235
23e

24

Kb a4 i el o ik b4 e TR TR W

LAt A atiaet oL INE P

Thrst e OPT =y FTN Se2¢ 70358 Jeller?

CUNTINUE

WRITE (&,39))

LIMS =2 LINES*e

IF (LTILES.LT.58)6G0 YO 225
WRIYE (6,87,)

LIMS = 3

CONTINUVE

CALCULATE TARGET EULER ANGLES INCLUGING ANGLES OF ATTACK.
TARCEY LIFT COEFFICIENTS ARE CALCULATED FROM LIFT CURVS SLOPES
ANC WING LOADING,

IF (AINDLEQ.O0.3G0 YO &

WRIYE (64860)

LIMS = LINESes

CALL FLSET(TRAJ)

NREV = Q)

CO 23 I=1,NSEG

TTM = TINE(D)

CALL ATTAK(TRAY)

CALL GRVALT(GORT 4HNORM,G,ALT)
CALL ATMOS(ALT ,RHOSL 4RHC)

QAT S PRHOSIVTALIPYT(LISVYT(2)%VT(2) +vT (D) *YT LI

TRANSFORM GRAVITY TO OUTRPUT FRAME
GX = LSTH(1,3)
GYS = S%TMI243)
GZ. = G%THM(3,3)

THARSFCRM ASCELERATION ANO OUTPUT FRAME GRAVITY YO VELOCITY FRANE

CSI = COS(ANGLIL))
SST 2 SINCANGLILY)
LTH = COS(ANGLI2))
STH = SINCANGL(2))

YACC = (GX3=ACC(1))*SSI+(ACC(2)=GYG)I*CSI

"IACC = !GXO-ACC(L))‘CSI'ST"O(GYO-ACC(Z))'SSI'STH*(GZJ~ACC(3I)‘CTH

IF (AAS(ZACC)WLT1.E=301G0 TO 235

ANGLI3Y = ATAN(YACC/ZAGCY

G0 10 238

ANGLIE3) = Q.

CONTINUE

2F = WOS*SQRT(YACC®YACC+ZACC*ZAGC)/G

ALFY = ZF/QA/SLOPEL

IF (ALFT.LELALFALIGO TO 240

ALFY = ( ZF/QA-ALFA1*SLOPEL) /SLOPEZ+ALFAL

IF (Z0CCaLTe0e)ALFT = ~ALFT

CFI = COS(ANGL(3})

SFI = SIN(ANGL(3))

CAL = COS(ALFT)

SBL = SINCALFT)

AY2(1,I) = ATAN2 (ECTH*SSI®CAL-STH*CSI*CFI*SAL),(CTH*CS I®CAL-
SSI*SFI*SAL) )

XYZ(2y 1) = ASIN(STHM®CAL+CTH®CF }*SAL)

XY2(3¢1) = ATANZ(CTH*SFI,(CTH*CF14CAL~STH*SAL))

?! = XYZUl1,1)
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P CGRAM TR. JEL Thttu OPT2) FTiv we2¢74335 MY STV 44

TS s

3 IF 057 WL Ta0e3SF x SI+TWOPT 3
. IF t1.80,1160 10 248 5
MW oz SIeSIPR X
IF (ZF ,GT4PIINREY » Nag¥el ;
: IF 12 LT «FLEMREY » NelVe) :
3 24:  SIFE o= 81 ;
{ XYZC3, 10 = SYONREVeTHOR]
FSIT o MYZ(L,TVORYD
THEY 2 XV2 LW 1)%RY0
FIV = x¥214.10%RT0
‘ BLFY = ALETPRTD
H WRITE (64995) TTMELPSIT,THLY FITLALSY
¥ LIMFS 2 LINES#L
IF (LINES LY B0)GD Y0 235
HRITE (B, N7 ) WPAGE
MPAGE = NPAGESR
LINES = 3
23 CONTINUE
alnn = ¢,
PPASS a1
$0 Y0 203
: 1070 WRITE 164263)
. ; stce .
4 ; 82" FORMAT (15X Fie3y J(6C5X E£1548)/26%))
- ; 83" FOTMAY (tHI, 47% 33IRSPLINE INTERPOLAYICN CUEFFICIENTS)

Ty g

K : Re.  FOAMAT (1HQ, 50X 27HOUTPUT FHAFE TRANSFOMMATION, # APX 2HX3, 17X i
A { 1 2hYiy 17X 2HILy 16X 9HPSIL(JEG)s 99X LOWTHETCLDEG), 103 INPSUL(DEG P
3 ! 2y 13X 6F19.2) b

! RS, FOGrMAY (LHJ, 46X 3»HEULER ANGLE INTERPOLATION SELECTED, / 19X ]
1 GHILCL/ZODAD Ly L1hX SHALFAL, 13X FH(DCLZOAI2, 16X 3IHW/Sy 14X FHRHOSL :
2 9 LuX SHHNCRM, 7 &{8X FLT.3)y 209X FRC.5)) 3
86 FOSMAT (/7 48X 3THEULER ANGLKES ANO INGLE OF ATTACKEDEG), 7/ «2X G
1 WHYIME, BX 3KPSI, 6X SHTHETA, 8X 3HPHI, 7X GHALFA® :

87¢ FOKMAT (4ML, 36X SSHYRAJECTORY GEMERATION BY PIECEWISE SPLINE INTE 4
LUPCLATION 4 /37X 53 (1H=), I X 4HPAGE, 13 /) d
83 FOSMAT (48X 4FL).3) :
B9C FORMAT ($MOe 7 30X LTHTRAJECTOPY NO, = , I2, 10X 13MOPTION NO., = , !
$ 12¢ 13X 2LHNOe OF JREAKPOINTS = , 13D ;
- 89¢  FOMMAT (/7 SOX LZHINPUY TABLES, /7 E.X WHTIME, 5X 6HMX COMP, 4X :
"3 1 EHY COMP, X 6HZ CONP)
- 8 80 FORMAT (20X 20(1M*)s B8ALD, 10(31H*))
; 91 FOFMAT (315)
! 92. FOTMAT (/77 28X STRAJECTORY MUMBER OQUT £5 RANGE®, 2X 1%, *OR Trro “A
1RY SEGMENTS® 2x I3 )
Gul FOFMAT (3F10.3) n
93«  FOSMAT (8410)
98 FONMAT (12, §3, %215.8)
96 FORMAT (27 20X %EZND OF RUN%) .
Get  FOSMAT (77 30X T2HINTERPOLATZD TRAJICTCRY DATAULINEAR UNLITS FRCM 1
1NPUT, ANGLES IN DEGREES)
g7 FORMAT(LGX WHTIME, 20X LHXy 11X 1KY, 11X LHZ, 9X LHXDJIT,
16X LHYOOT, 48X GWHI0OT, 8X uwHPSIT, 7X GMTHETAT, &4X L1IHLAT ACC(G))
97t  FOTHMAT ( 27X  GHTIME, 10X 4HPSIT, BX LHTHET, BX LHPHIT, ?X
1 SHPSITO, 7% SHTHEYD, 7X SHPHITO) =
96. FORMAT 17X F8,3, $712.3) 1
98: EOFMAT (38X 8F11.2)
99C FQSMAY (/7/7/77)

PROGRAM YRAJEC Tal/Th OPT=} FTN He2+ 74355 Q4 Lurs?

99¢  FORMAT (21X TFi2.2)
EME

Le
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g ot T T Wmmwm T YOO T MRS 0TS 2PN 0T NG AN T e Y TR T e "TFITAT TR FY DDA TN T O ey
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: TR BRI R DR R R R AT TR 4 ek .
- '
[N
Q &,
g L WUTIRE AV LIN Te/Ta  OPTEL ETN 4,2¢76355 Y2044 §
. s CUBLLUTLHE AVELINCTIMI (XY ZON(NY H o XLEM XHUGPQeXNeAZaATy TRAS) i
o 2 c--,--t.o-o-l--.i-!.o.l--.n-l.b.i-O-l.O-O_O-0-l.&.t..-b-l..-»-l-t.‘-b.i-
- ’ c THIT TUBROUTINE CALCULATES SPLINE INTERPOLATION CORFFICTENTS
c T FIT THE X, Y, Z COORDINAYES TRANSnIYTED IN AR2EY XV1. {
- ; ¢ TH. PU4RSR CK SETS OF DEPZINDENT VARTLBLES IS GIVEW BY NY AND THE :
v " L NHREFE OF BREAKPOINTS IN THE IKDEPENUENY VAFIABLE 1S N. §
_k % C-Q‘O.U..-G-l-l-!..a.-‘.l-..l-‘-'-l“-.uO-0-0-'-.-‘-.-‘-.alml-...o'-'-‘-
N i GIrE AT 10N XYZ (3,220, TRAJ(L342 )y HULd, XLAM(L), i
;- ) 1 XMUT1},  Ptid, atgd, XMEHY 1), AZENY 1D )
2 AT(iY,1), TIME(L) f
I :
C **% CALLULSTE IATZRVAL IN THE INCEFENDEAT VARIAALE. iy
c ;
PO ¢ k=24N p
5 p(KY = TIME(K) =T IMZ EK~1) 4
v o
C #*% CAL(UL:TE CONODITICNS AT THE EXTREMITIES. i
c i
=2 p
J =1 4
K = 3 i
10 X0 = TIMC(I=1) 4
¥t = TIMELD) 4
X2 = YIMI{I+L) hi
X3 = KIEXL i
x11 = K1*x1
X22 = x2%X2
By = MDD
HL = X 2=X2
H2 = hil+l)

3 = 1 F/HIZHLINZ

CL = 2.°TIMELI)

Lo 21 [Ys1aNY

Y@ = XY2(IY,I-1)

YL = xv2(lvy,Id

Y2 = XY2LIY,I+4)

81 = (vL-Y7)#Y22-(Y2-YS)®X1L+(¥Y2-Y1) X0
B2 = M, %V2-H1%YL1+H27Y(

27 ¥MIIY, ) = D% (81+82%01)
GO TGE30,0idK

3 I h=1
J S
¥ 2
GO 1C 15

oo

w¥s CALCULATI LAMOA, MUy P AHD O

IO

Lt GtL) = =45
IND = N-l1
U0 5L K=2,4,IND ;
XUAMIK) = HIK*1) /7 (HIK)4HIKELD)
XMUCK) = L1e=XLAMIK) ,
FOKY = L./ (XLAMIKI*QUIK~-1)42, :
5. CEK) = =XMUIK)*P(K)

%% CALCULATE Co U AND M

[ Re R+

47
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T ﬂwmﬂ”"ﬂ”m‘ o i i iy AU e L LA A TR L R il 2 A L R EAL i AL
1
' .
: v
i ROUTENE AVELIN Ta/Té  UPTey FTN ko 2476335 Qu/1.6s7 4
g
: 00 70 Lysg,NY 5
E A2iT¥e 1) = XMLIY,1) 2
5 IND = Net %
| 00 60 Ke2,IND g
. GA ¥ I S (NLANCKI® {XVECTYKI=XYZ(TYeK=20/HIK) 4XNUIK) & 3
3 ‘ LA (XYZUIY KoL) aXVZ(IY ¢K)DZM(Ke2)) hi
6  AZUIV,K) = (GAXLAMIKI®AZ(IY ,K~1) )oPIN) J
K = N 4
00 YC K#x2,IND {
| 3 ' XNAIVeRE & QIKIOXMOTY KoL) ¢R2(1Y,K) :
L ' K= K=y B
g - f 7. CORTINUE
3 . ¢ L
¢ ) C *** CALCULATION O ROLYNCHMIAL COEFFICIENTS
3 (¥ .
4 . OU 8L Jxi, INS S
4 _ UL v HJeL) :
i UL2 = L./UL2UL
- 3 Vi3 = UtL2rul
.00 &C IVmi,NY
YO = XVZAIY,Je8l=XYL(IY,d)
X0 = XMUIY, JeileXMELY,J)
XL e X oXMAIY, B
; A2(IV,S) = UL2%(3.%YR-UL®X4)
| ; Bt AS(IV.d) = UL3®(UL*X0-2,%Y0)
: ! ¢ ®*% STUPAGE OF COEFFICIENTS IN ARRAY TRAY :
i : c §
: : IHC = WeNY+L A
; DO 100 K=2,N i
J = 3 4
b : DO 90 Isi,NY i
i B ; J = Jes i
: TRAJ(IK=1) = XYZ(I,K~1) ¥
TREJ(JogaK=1) = XMEL,K=1) i
3 TRASII+2.K=1) = AZ(L,K=~1} ¢
3 E TRAI(IIK=1) = AJ(L,K=1) ¥
. 16 TRAJ(IND,K~1) = TIME (K-1) ¥
y : RE VURK 3
8 ENC ‘)
. 1
i ?
»
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¢ THIS SUBROUTINE LNTEGRATES THE TARGET. ACCELERATION AND VELOGITY

c 0 GIV: DISPLAGENENT IN &N INERTIAL FRANE., ACCELERATION COMPONENTS

c IN THE TARGET FRAME ARE CONVERTED TO THE TARGET VELOCITY AND

¢ TAFGET FRAME EULER ANGLES PSIT ANO THET.

o c....-ﬂ-.'.Q-‘-'u‘o.n“—.o.-‘-.-‘-.a“‘-'-'Q'y.n'-.-‘.‘..-.n'v.-‘n.-.-.-‘-

COPMON FAKTEY/  TST (6D, T (3)
DIMENSTION Atbdy Si6), Ti6), TACGLS?
00 Li Xmib

YACC 1) = VDL
CYHET = COSUTSTLI))
IF (CYNET,EQ.0.)G0 10 5
IACCC2) = VOR/CTHET/TST(L)
TACC Y31 3 ~VON/TST(1)
STHET = SINITSYLI)N)
CrPSY = COS(IST(2))
SPSI = SINCIST(Z2D
VI (1) = CTHET*CPS1®TIST(L}
VFL2) = CTYMZT*SPSI®TST(1}
VT (3} = =STHET*TSTY (1)
TACC(s) = VTLL)
TACCLE ) = ¥T(2)
TACCIE) = YT(D)
GO V0¢16,20,50,301%
1. 00 13 I=21,6
YLIE = YSTL(I?
SCI = TACC(IN®OTY
15 TSVTUIY = TSTLe, S¢S
GO TO 4P
2. 0O 2% ¥=1,6
AfI) = LYYTACCIUI)
SEIN = S(INe2,.,%ALD)
2t TSTLIY = T Ih+.5%A(CT)
GO TO +C
5( 00 £S5 Isleb
ALIY = DY*TACC(I)
SUIY = SCIVe2.%ALY)
55 ISTLI) = T(IYeA(D)
6O TO 40
3r 00 35 I=1,6
3% YSTII) = TLIDSES(I)+DT*TACCLI)) /6,
o  CONYINUE
TINE = TIME+OT
RETURN
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SUEROUTINE ATTAK(TRAJ)

PRl b latutnl et alulal ol Cabebolulalel clabed Pubalelulelnlbe tulubobnl.
YHIS® SUBROUTINE UETERMINES TARCET PCSIYION, VELOCITY AND
ACCELT RATION AS A FUNCTION OF TIME 3Y CUSIC SPLINE INTERPOLATION
FRE-CALCULATED INTERPOLATICN COEFFICIENTS
ARE STORED IN ARRAY TRAJ.

PP uPa et PeutatlePulataelalectlaVtalaleo i 8 8 ,80,0,0.00040000P0uludaVbu¥ubalb,

LIMENS [ON Cl12), TRAJ(13,20)
COMMON /TGT/ TOISFL, Y(3i, ACC(3)
OATA KEEG/L/

T4 = TOISPL

IF (TFAJ(L3KSEG)EQe=1 sEHIKSEG « 3
1v IF (TL1.LV.TRAML3,KSEGIIGO YO 29
IF (YLLECTRAJILIHWKSEG+L))IGO TO 39
IF (TPAJ(L3,KSEG*L) 4 EQe~21,E61G0 TO 30.
KSEG = KSEGe)
I# (KSEG.LT.2G)IGO TO 19
KSEG = 24
GO Y0 30
2¢  XSEL = XSEG~1
IF (KSEG.GE.1960 TO 10
KSEG = &
36 U0 «C Inty2
4C  Cti) = TRAJ(IWNSEG)
TL = VOISPL-TRAJU13,KSEGH
T2 = T1%(C(3)eT1%C(4))
T3 = T1%(C(7)+TL%C(8))
To = TL®(C(LLMeTL*C (21 2))
Y(1) = Ce1)+TL12(C(2)+T2)

Y(2) = C(5)¢TL1%(C(H)+T3)

Y(3) = CLO)«T3%(CLL0)+Ti)

Y(<) = C(23eT2¢T2¢T1%C (4

YIS = C(B)+TI+T3IeTS2C(6)

YCEY = CLAY+TLTGeTL*C(L2)

YU7) = ATANZLY(S) .,V (4))

Y{8Y = ATAM2(-Y(6),SART LY (L)Y (W) +Y (5)2Y(5)))
Y{9) = 0,

ACCIL) = 2.2C{3)+6.%Clui®Tt
ACCL2) = 2.°C(T7)+L.%C(B)*T2
ACCE3) = 2.,%C(11)26,%C(12)°%T1
RETURN
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ROUTINE ATHOS
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Tu/Té OPT =L

FIN 4.2¢76355

r1er7

R ) SUBFCUTINE ATMOS (H, RKOSL 4RHOD)

Cr®e®nltoloba PuBulaPulodalael lobolatlatalobealaloicboeoialeP o tobatb  Baliotoleata

C THIS SUBROUTINE CALCULATES ATHOSPHERIC DENSITY AS A FUNCTYION
c OF ALTITUOE, DENSITY TABLE IS NORMALIZED BY ITYS SEA LEVEL VALUE
C SO THAY DIHMENSIONS OF RHO ARE THISE OF INPUT PARAMETER RMOSL.
c THE ALTITUDE TABLE IS NORMALIZED IMTG UNITS OF 40C0 FEET,I¥ TARGET
c ALTITUDE IS EXPRESSED IN METERS THE FARAMETER HNORM IN THE MAIN
¢ PROGRANM MUST BE 34280843,
c.._ PubalelablaleFPwulalalulePlolaPlaoeloaloafi¥balal o PlalaoleBatual 8,008, 0,0u8al,8.
CIMENSICH ALTTB(32) ,RHOTB(32)
OATL ALTTR/ Jey | 2e0 Jae ‘o
i Fes 1Y) oo Bes e
2 10 1249 144 16, 184,
3 2040 224y 2hay 2649 284
& 30.' 3201 3‘0»0 360' ‘0009
< @6ey 506, €Ele s 7040 30.,
€ 1 I 130./
LATA RHOTB/ 1.4 +971 38, e 34276, ¢ 91498, « 886005,
1 +86195, «83586, .8106¢, « 78627, « 76221,
2 0738604, 259318, +65025, «60943, «57029,
3 «53325, «49730, «4ELBS ~0L3308, «40320,
L + 37083, « 34806, «32273, « 29491, s 2WTLhy
€ +185u4, «15311, «054865, ,1588At, .J336532
€y «0230389e 0132/
HI = A3S(H) /71000,
CO ¢ I=2,32
IF CHILGELALTTB(I-1) . AND, HILLEL.ALTTBC(INIGO TO 20 .
i¢ CONTINUE i
1 = 32 g
2. RHO = (RHOTB(I=L)+(RHOTBIII=RHCTB(I-L1) )*(HI~ALYTB(I~1)) 3
2 ZIALTTO(IY-ALTTB(I~19)) *RHOSL bii
ENC %

ROUTINE GRVALT

SuBFrou
c L X PNE T N Y PN
c THIS &
c ANC Th
c LAXTH
C Pabablalobe
CINMENS
DATR
“S¢
GPFR
ALT
G = 6
€ND

L]

74774 oPT=1 FIN w.2474355 Surziur?

TINE GRVALT(GO,RyHN, Gy AL T)
Palelo b taleboitoSotot Y o tababauldalobuVbePatlabul e Sutlalabal bbb
CUTINE CALCULATES TARGET ALTITUDE ABOVE THE EARTH-S SYRFACE
€ LOCAL GRAVITATIONAL ACCELERATICN ASSUMING A SPHERICAL
OF RADIUS 20.9%E6 FEET,
VaFololoaltalalelalalelaFulabeb o talot 0 utaPlalaVbaluelatlePbbaba
ION RIIY

RO/20.890 32E€/
(RO=-R(3)*HN)*s2
(RUL)*R(1) +R2)*R(2) I*HN*HN
SQRT (GPR#RSQ) =R
*RI*RO/RSQ

e e Ca SRR € L i i
ERE i 1, ol PR a . H SR A NS
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Appendix B. EXAMPLE TRAJECTORY RESULTS

This appendix contains a set of trajectory results corresponding
te each of the three input opticns. 1In each case the Euler angle option
has been selected. The first two trajectories are expressed in SI
units and the third is calculated in British units.
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